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COMPUTER INTERFACE WITH THE CONVERTED PICK-UP ELECTRODE SYSTEM 

The converted pick-up e l e c t r o d e  system was t o  c o n s i s t  of  two subsystems. 

The f i r s t  subsystem w a s  t o  g ive  r a d i a l  and v e r t i c a l  p o s i t i o n  of  t h e  beam i n  a 

l a r g e  number of azimuthal  p o i n t s .  Each u n i t  of  t h i s  subsystem w a s  t o  be  eco- 
-- . _ -  ~ . .. ~ - ~ .. * . _ _  ...~. -_ -~ .- - . ... - - ~ ._ - .. .. ~ 

- .  nomical - ~ t o  deploy . because ~ of  . . t h e  . . l a r g e  . .. numbers .-  . (288 u n i t s )  requi red .  Th i s  ~ 

fo rced  l i m i t a t i o n s  i n  bandwidth and l i m i t a t i o n s  i n  t h e  q u a l i t y  of  c o a x i a l  

c a b l e  employed. ! 

The second subsystem was t o  b e  of  t h e  h i g h e s t  q u a l i t y  p a r t i c u l a r l y  i n  

h igh  frequency response  and was t o  be  deployed a t  on ly  a few az imutha l  loca-  

t i o n s .  To d a t e  no engineer ing  was ever  made a v a i l a b l e  t o  work on t h e  second 

subsystem. The f i r s t  subsystem w a s  mechanical ly  i n s t a l l e d  du r ing  t h e  summer 

o f  1971 and t h e  a s s o c i a t e d  e l e c t r o n i c  s i g n a l  process ing  equipment i s  c u r r e n t l y  

be ing  developed. By t h e  l a te  summer of  1972 t h i s  system should ex is t .  

With proper  s t a t i s t i ca l  process ing  of  t h e  inc reased  q u a n t i t y  of p o s i t i o n  

informat ion ,  good wel l -def ined  equ i l ib r ium o r b i t s  should be  obta ined .  To 

f a c i l i t a t e  t h i s  process ing  t h e  analogue informat ion  from t h e  pick-up e l e c t r o d e  

system must b e  i n t e r f a c e d  w i t h  t h e  c o n t r o l  room computer complex. 

it was hoped t o  expand the p resen t  computer i n t e r f a c e  system now employed on , 

t h e  o l d  pick-up e l e c t r o d e  system. Th i s  system employes mechanical r e l a y s  which, 

have s t a r t e d  t o  d e t e r i o r a t e .  Expansion of  t h i s  t ype  of  r e l a y  system w i l l  

create a maintenance problem of  s i z a b l e  p ropor t ions .  I 

state dev ices  make it  p o s s i b l e  t o  economically des ign  a n  a l l  s o l i d  s ta te  i n t e r -  

face system t o  process  t h e  288 analogue s i g n a l s  i n t o  t h e  computer. 

f i e d  block diagram i s  shown i n  F ig .  1. Cost and t i m e  estimates are shown i n  

Table  I and 11. 

f o r  a complete o r b i t .  

O r i g i n a l l y  
l 

Newly a v a i l a b l e  s o l i d  

A s impl i -  

Th i s  system r e q u i r e s  only  one AGS p u l s e  t o  o b t a i n  i n f o r m a t i o n ;  
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To a i d  i n  understanding t h e  i n j e c t i o n  process  t h e r e  i s  a d e s i r e  t o  a l s o  ' 

b e  a b l e  t o  process  some of t h i s  in format ion  t o  gene ra t e  beam t r a j e c t o r i e s  

near  i n j e c t i o n .  This  r e q u i r e s  d i f f e r e n t  computer i n t e r f a c e .  To o b t a i n  tra- ' 

j e c t o r i e s  i n d i v i d u a l  beam bunches must be  p r e c i s e l y  sampled and d i g i t i z e d  

whereas be fo re  a r e c t i f i e d  and f i l t e r  analogue s i g n a l  w a s  a l l  t h a t  was requ i r ed  

t o  convey mean beam p o s i t i o n .  

F igure  2 i s  a s i m p l i f i e d  block diagram t o  accomplish t h i s  ob jec t ive .  One 

p u l s e  per  t u r n  i s  r equ i r ed  t o  ga the r  t r a j e c t o r y  information.  The system con- 

s is ts  of  168 sampling u n i t s  which are  d iv ided  i n t o  two groups,  one group of  

24 u n i t s  and one of  144 u n i t s .  

in format ion  on each AGS pulse .  Th i s  in format ion  i s  used i n  t h e  computer t o  

The smaller group samples t h e  same f i r s t  t u r n  

dec ide  whether t h i s  p u l s e  matches prev ious  AGS p u l s e s  so as  t o  dec ide  t o  accep t  

o r  reject informat ion  from t h e  l a r g e  sampling group. 

The l a r g e  sampling group can be  indexed under a computer c o n t r o l  from re- 

v o l u t i o n  t o  r e v o l u t i o n  as determined by t h e  sof tware.  The sampling system con- 

sists of  two each sample and hold u n i t s  wi th  a p p r o p r i a t e  b u f f e r  a m p l i f i e r s .  

Th i s  i s  made necessary  because t h e  h igh  speed (50 nsec) sampling u n i t s  cannot I 

hold  i t s  sample informat ion  long enough f o r  a l l  144 u n i t s  t o  be d i g i t i z e d .  

The f i r s t  sample i s  t aken  a t  a f i x e d  t i m e  a f t e r  the l ead ing  edge of  t h e  beam 

p u l s e  on t h e  d e s i r e d  r evo lu t ion .  The second sample (10 microsecond u n i t )  i s  

t a k e n  some 50 microseconds later,  d e t a i l s  not  shown. A f t e r  a l l  in format ion  i s  

s t o r e d  i n  analogue form it i s  s e q u e n t i a l l y  d i g i t i z e d  us ing  s o l i d  s ta te  analogue 

swi tches  and analogue t o  d i g i t i a l  conve r t e r .  Each computer word con ta ins  t h r e e  

u n i t s  o f  sampled informat ion  and t h e  analogue swi tch  s ta tus  which i d e n t i f i e s  

t h e  channel.  

I 

I n  o rde r  t o  e l i m i n a t e  t h e  n e c e s s i t y  of  sampling t h e  b a s e l i n e  p r i o r  t o  
j 

sampling t h e  beam pulse ,  use  i s  made of  t h e  f i n i t e  low frequency response  of  j 
t h e  new pick-up e l e c t r o d e  system. This  system has  a low frequency coupl ing  I 
t i m e  cons t an t  of  3 microseconds which i s  determined by t h e  t ransformed char -  ~ 

ac ter i s t ic  impedence of  t h e  c o a x i a l  l i n e  and t h e  pick-up e l e c t r o d e  capac i ty .  ' 
I f  t h e  beam p u l s e  i s  0.3 microseconds wide, t h e  b a s e l i n e  s h i f t  i s  2.8% j u s t  

p r i o r  t o  t h e  second beam passage, 3.3% p r i o r  t o  t h e  t h i r d  and 3.4% p r i o r  t o  

a l l  o t h e r  passages.  This  i s  small, and i f  d e s i r e d ,  can be  computer c o r r e c t e d . :  

A f a c t o r  of  2 i n  i n t e r f a c e  hardware i s  saved by t h i s  approach. 

The r i s i n g  edge of  t h e  beam p u l s e  must be  f a s t  compared t o  t h e  width re- 

Th i s  sha rp  leading  edge w i l l  r e q u i r e  a quirement (i.e.,  - 0.1 mircrosecond).  
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f r o n t  end beam c l i p p e r  on t h e  i n j e c t e d  beam s imi la r  t o  t h e  system being plan-  

ned by t h e  Linac group. 

a f t e r  which the l ead ing  edge w i l l  become d i spe r sed .  With a 200 MeV l ead ing  , 

edge c l i p p e r  and w i t h  narrow pu l ses ,  t h e  Ap/p can be  expected t o  improve t h u s  

making p o s s i b l e  30 r e v o l u t i o n s  ob ta inab le .  

Present  Ap/p w i l l  l i m i t  obse rva t ion  t o  10  r e v o l u t i o n s  

The i n t e r f a c e  hardware t o  a l low t h e  computer t o  determine equ i l ib r ium 

o r b i t s  i s  c l e a r l y  f i r s t  p r i o r i t y .  The second system t o  fo l low i n j e c t i o n  t r a -  

j e c t o r i e s  i s  a much more massive t a s k  and I q u e s t i o n  t h e  a d v i s a b i l i t y  of deploy- 

i n g  t h i s  system. 

TABLE I 

Cost Estimates 

Orb i t  S y s t em 

Detec tor  and 10  psec S-H 

Analogue Switching 

A-D Converter (9 B i t s )  

Miscel laneous Timing and Hardware 

T r a j e c t o r y  System 

5 0  Nanosec S-H 

10 p e c  S-H 

Disc + Gate + Delay 

Sw it c h i  ng 

Relays 

Miscel laneous Timing and Hardware 

Unit  P r i c e  

$ 35 

120 

Unit  P r i c e  

$ 90 
35 

35 

5 

T o t a l  P r i c e  

$ 10,000 

5 00 

360 

3 ,500  
$ 14,360 

T o t a l  P r i c e  

$ 15,120 

5,880 

5,880 

500 

3 60 

5 ,000 
$ 32,740 
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TABLE 11 

Time Schedule 

Orbit System 

Prototype Design and Assembly 

Prototype Testing and Development 

Bid Process 

Quantity Procurement 

System Assembly 

System Testing 

Trajectory System 

Prototype Design and Assembly 

Prototype Testing and Development 

Bid Process 
Quantity Procurement 

System Assembly 

System Testing 

Distr: Department Administration 
AGS Division Physicists 
AGS Division EE's 
AGS Division ME'S 
Operations Engineers 
M.Q. Barton 

Weeks 

4 - 
29 Weeks 

Weeks 

8 

10 

4 

15 

8 

12 
57 Weeks 
- 






